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INTRODucnON

Tbit ...eI ......... beeD JXIPIII'd for .. ill "" compIiIIIce with .,...e
pideIiDes for iiidiut..-.oY (RP) I1IdiItioa 11I=ci3Id by die P Commun'-- eo··von
(FCC). The bullldaia DOt _ired to eItIItIiIIl PM y pmceckmL It iI __ to pIOYide
.....".. in " FCC-r. ' , t..., ca..- a sipiftcee' ...ill ..1
effect due to .., to lewis ofRf ..... ill ..,. ofdie tpeCified felt•• pi-.:Doa
guides. AJthouIb" buIIItiD offen guideliDes aDd au'" for ewhwriq c:ompIiIDce, adler
methods aDd proceUes for ew1uatiDg compliaDce may be acceptable, ifbaed OD IOUIId .... 'CriDg
practice and scientific priaciples.

Tbit miIId bnIlIdII iI beiac __ to COIIfiIm to cuneat fCC ftlqUiremeaII widl die
reIpO'wi1rililies of1lll Co Hoe ia COIIII'OIIiIc __ lip" to RF redietjoe FCC-
repIIted tmmn.... The CowniMioa ... ideatiIId ..... apoue to RF neW • ••~
foraplicit COMideillioa ..... ewh..p••jel..,iroIu *1 effecIsofeenaia.,,1itieI r.' cd
by die Fcc. U.... die NIIiaMl Emiro ] '., Policy Ad of 1969 (NEPA), tile FCC iI ....led to
co'" wbedIIr ill... iIl6cJl_" or &ail"'" .. jfi :rrty afrect ..... qIMly of1lll
bur-.I eaviIoDmeaLw !I,.. to RP ,..iII", is ODe of ImDI __ the Ow.·rim IIIUIt
_--':..1-' _~. I . 'fica
\NIgftlgl In ~ .....-. eDY,roliIDEda all" nee,

Implem.eatatioo of NEPA with rapect to human exposme to RF radiation WII etfected
initially in a rule cbaDp Idopted in February, 1985, IDd made effective JIDU8IY 1, 1986. III tbIt Nle
cbaDge, the RF l'IIdi8tioD protectioD guides issued in 1982 by the American Natiolal SCwWnIs
Institute (ANSI C9S.1-1982) were used by the FCC as a threshold for determiniDg whither potentially
harmful exposure is Pf*ibIe &om an FCC-repJated facility. The 1982 ANSI staDdIrd bu DOW bem
supeneded by ANSIllEEE C9S.1-1992 and the rules of the FCC have been revised to~ the
provisions of the updMed RIDdIrd. Applicanls for new facilities, liceDse reaewa1I, or~
modifications in the foUowiIII categories must infonn the COmmilsioD if the facilily or openItioa in
question would result in ..... eJqM)SUl'e in excess of the 1992 ANSIllEEE guideliDel: (1) br<wkast
facilities authorized UDder PIIt 73 of the FCC RuJ. IIld Regulations, (2) television tran' 'ta, low
power television, ad expaiU6 i" browbst SlationI autborized UDder Part 74, (3) ... eutb
traDsmitting SIatioas aurhoIized UDder Part 2S, and (4) experimental radio stations authorized UDder
Part 5.

The 1992 ANSIIIEEE pideliDes differ iD I IUDber of iespectl fiom those 8dapted by ANSI
in 1982. The frecpacy ,.. bas been extended to include 3 kHz to 300 OHz, COlIIpI[ed to the
former range of 300 kHz to 100 GHz. Throughout ponions of the frequency nmce, mote iellUictive
criteria have been adopted for UDCOnttolled enVU'Omnents than for controUed enviroameDts
Pennissible magnetic field exposures at the lower frequencies have been increased SlJbItanrially.
Finally, maximum limits for induced and contact currents have been specified for frequencies of 100
MHz or less.
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1biI buIIItiII iI.] . 14 _ • .-M,,: L BKIIaaCNWlll i.aNr...... Do ......
MedIodI,IU. IiI .. tile RP Saw. '" IV. CoIImUial Elql_. to RF F.... V.
Refa..... App .. 1111 Apr- : (1). NpriIIt of IMjor ... of die
ANSJIIBEE · " -.I (2) to be .-d ill ow..... poI'P'i"~ hal
broIG'ast ficiIideL A"r ; dIiI balIIdD. iI ' '. II to be .-cl with tefaGDCC to all WW to
wbich the mila ...." ill piiaw, 1PP'jc:eQm wiD .. likely be ill CODDeCtioD with die ewlmtioD
of broI«bst facilities.

Sectioa I of" bull. proWIeI ..... Pee .J..... 'QD of NBPA" GIl FCC
prococbea Ie.... to'" G • h of., ; 'i ••• laY. WI $ , ... Ita ill
ow....~ s.iaa D of be'd (PRIll_ MttIIMII) sIIaaId be , 1biI
secdaIl pmvicIeI idJ' d... "'Ha...ok ,.Icc......... ad lelia till to
.... IDd fi&urw ... ia Awn f. B, C, D_8......." ifliiPGCtively, to PM. 'tV,..AM
bmec'-' &ciIiIiII ad to c " '" willa in1 III ..c-=t cunIIIt IimitL T1Ie paper ...of..,.leI and fiaures ill in SeaiGIl D, ... W';' for PM, 'IV IDCl AM filci]i&ieI lIbou1d
coDlU1t the appropIiate subeectioa of SectioD U for iaIINr::tionI.

An ....... .., be to .- oal. "'"' p. &cliIi&y waaId be in
ccapIiIace by co- _ tilt _ or __ How , secao. IV of die buIIeDa
(CcaIoIIiDI £]IIIa_e to RF tr.ldI) IbouId be cc. 11II.. IJIo ill deterDaiDiDI bow to COIIIIpIy willa the
ANSJIJEEE ......

Ie 101III~ ...c..-? ..... _ II ..... 15n.ru....... olRP .... ill till
eD\IiroI..... IDlY be .. y. Sectiaa mof eM ..Ilia pmYidII iafonD8'Ja GIl 15.. ..
prococbea aDd iasUum ... for me in..... w..-e~ are DeC:. ry to tit.......
compliance with the guidelines.

StctIIP I: BACKGROUNDINFORMAnON

FCC Implemeptatiop of NEfA

The Naao-I EaYiftIwww." Policy Ad of 1969 (NEPA)I requites that aU lICIICiei oftbe U.S.
Oovemment 1Ib _ ICC'- tbe potentia, Clrt'N. I 2'1 i15pIa of tbeir ICt'io.- Specifically,
apacies mutt ccmtider whatber their aeticms significantly affect "the cpJIIity of tbe bumaa
environment."

The FCC Ich,tld mila ill 1974 i......jeC NEPA widl zeprd to ICtic8 tabD by the
Commission in b ... IIId IPIJIOViDc f'aciJitieI aDd operatioas UDder its jurisdiction.2 TbeIe roles

I 42 U.S.c. §4321 et~. (1976).

2 49 F.e.C. 2d 1313 (1974).
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.. ro.t iD Pat 1, I 1, t I, of die FCC • • ' d .. J 1"be RaMI paoMe a lilt of
C; . ·ID ,......,lIawa.ipiA ira I. IfCa H,.wo'Ml
to ....- 1'1 ... &aIity woaId iDa ' ill dIir lilt, die
~k•• far .. a"'" _ a 2 I. or a • oCtile J e&ct
." ,. I iutbt PHIl JII. ciftld ill die..... It.'"sq 1_ ofdle tppIbat to __
d P hieriou. to ....... eaWoame.1 iDb d • .-at be ••,MN ad 10 in e It die
.....updlte pllce OD IPPIiaIbIe FCC fon-. For e 5Ie. IDIIi)' FCC fanDa cuneady iIIccxpoate aII'A". wbetber a put of die 8JlP1icItion woaId be a --.;ex- ... UDder PIrt 1 of die Rule&.4

Oace ........., iIIfoa ,. iI ftIId willa till ec- . ., FCC Dff de' ,Joe wbItberpi' ?ioD of. -••ift • '_I iIDI*t 111 .- ill.. ). All ...,itWIIU'.'.... I aft
(BJS) ir requinId Jbr aDy --.;cw-- IlCCiuIl .............. a ..... efIa OIl tbe .,isI''''
Howover, before pa, feu of III EIS iI ill;" .. JIIO: .. may decide dtIt • pA pLl far.. "I..... is .. __ .,.... to .... "I, IIIioa of. BJS IDd pmcoedwidl aormal
pnICI • C ofdie......... AllwIll?iv,e1y, till.",. _. may be ..-dId to db' • or~
the p'. ,jel for aipHblt~ iIIfI*:t. If. BIB iI paiIMed, it alit be rAT". ad ill
d 11 .. ,.... or .- .... of die WI" _ bit ;.' 1 Thit _illioa woukl be
.... OIl a carefiIl bd ;iItc of 1be bON. of till WIIUI iN.... I eft'ect, if laY. IA
die cae of RF l'IldiItioD, die eDYiroameaIa1 effect would be die relltiw bealth risk to people IiviDc
or WOIkitc tar or It 1be &cility iD queBIioD.

RP, , ,om .... BIni .f1.
Ia 1919, the Owejeeiota releued a Nqtice pCl . i deaJiIc with die iiilJl aewjbilily of die

FCC to aJDIider till Ptil '1,1 bioloPal eft'eca .. ..... of RP rwJierioa wi-. lie_inc or
lUIboriziDc faciIitieI or '4 __ .,it,_ .-eta ."'ioa.' Aa.~ of CCl""&'II" zawivad ill
teIlZCM* to tbis C'i:r I MdT ad the CD i •••• .. of ill __y 1'" JII iIiIiII
UDder NEPA. a N!*' ofb_.. Rule Wi' WBI"""'" __ in 1982.' Tbe", tiIIia
proposed to amend SecIioD 1.1305 of the FCC's Rute8 IDd~ implemonti. NEPA by
expending the I.iJt of "1IIIjor ICtioM" suIJjoct to die Cofrmri-ioD's eaviroDm••1 pmc_inc
procedures. It \lVII' plapolld tbIt applicltic8 for ....uctbI pemaifI or IiceDIeI to ..... would
be tro8ted as "major ae-- trigeriDg eawWlbc a' roview if the ptUPOIed opeI'II!ioil or fiIICiIity
would result in exposure of the public or workers to levels of RF radiatiOil in excess of safe lewis.

J 47 e.F.R. §1.1301 et seq.

4 ~.. F.C.C. GeDeml Docket 79-163, "Amendntenc ofEnvirolUDelial Rules ill Rr,,~ to
New ReeuJations ... by the Couacil Oil Eavironme1al ~: Rspgrt .. QrdIr, S1 Fed. Rea.
14999 (1986) aDd P.C.C. 00aeraI Docket 88-387, "AmIt? of Blwit _c .,., RullI,- 8M B8gt
and Order, 55 Fed. Reg. 20396 (1990), Secoad Report agd Order. 56 Fed. Res- 13413 (1991).

s Notice of Inquiry. General Docket 79-144, 44 Fed. Ree. 37008 (1979), 72 F.C.C. 2d 412
(1979).

6 Notice of Proposed Rule Making, General Docket 79-144, 47 Fed. Reg. 8214 (1982), 89 F.e.C.
2d 214 (1982). Also, 47 Fed. Reg. 10871 (1982) and 47 Fed. Reg. 27384 (1982).
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It,..dalC . ',', i ..... _il...' J · .. to ......u • .....__.nr
die fiIcj1jtjee or al r_ it " c.. ...,... 's 'F l till -.sit .. willa~ to
ani';" ofltP -Fee'....... of rig "PI. 'Gnaw. 0"'" 1M __ RP
J'Idietion pitW' II or. ' .. n.obw..' r at QrW WII ill NIIaIa of 1915
."'C'¥i"l Secda. 1.1305 of.o-nu-;-'s RuIII_ JImWIe 'far....iI· iN ..,.willa ftIPId
to !IumIa expoae to RF .....7

11Ierulo ••,t li1dto..........ew Hoe ........ to ...
(1) Ix.... "'cit_ d \BIer PaIt 13 of.. PCC RaIII; (2)~ fIIciIidII II
UDder SubI*'tI A" G ofPllt 14; (3) , Ph . 't" ... audMxiacl UDder Pm 25;
aDd (4) areaar ' , IIIk N·.. ....Mi_ Pat 5, A M t'9'in' of Z t '*
Mekir IGOIlRP ,,"tI!II,pnc""''''' 1III.,llId., till icIIIyac......~
ficitifiee _01* I·rrl ~ of......far ....~ 18tel• .cIa" b±'
In ,..n.. to IM~·I pndinI or IiIUId ~'p ·za" cIIri..... of.. OJ 'mira',
entt ." !Wr a's Iy ... to ....1 • ti.. OIl~ 1, 1985, •• 'IIp;
Mnggr*R Or" .. 9aIIr cIeJIyed die em nit_ dIM of 1M _ 1aI"".... to~ 1,
1916.' 11Ie IUIe • .b • npp" to ...... far ... teci'm. ill die Ibove QltepCiII • well
U to l'CIIeWaII aDd rae48•• of." 8IciIitiII

IIIa's. nI Q' die 0--' 'aa ., . ·w 1M .Ip'.~ ........ ill
1982 by die~~ht'.' .... I.... (ANSJ)II • till..liaR wllich die FCC waaIrI
.. ill ill lIlY. ' ....IAW· C proceduIw to. ' 2 ... e.wpcMIJ"C to RF n" ,.. 'I'M
Qnmjejm ..... till ara~ ANSI pi' Ii • be • tilly were lei .,~ '-I,
widely ICCepted, IIId ....NehIe to die .... "" well • to wcxbrL

11Ie CD • 'R -a.. it WCIIId to to die fedIIal lid -.fety
apacieI for ...... ill .. alii, but NEPA , , j • dill ."••" 1 be .....d
~of"""'''''' ......~ dalFCC_dII _ .. tile
to .. such.... n: ffi, ill view of.... Inck for apoa'O 10 RF e"'OG,
the FCC chose to Illy ...moapiHd ..pwi IM...-a However, die Conmjejm aIIo
l'eC'9'ized tAIl odIIr ' t d IIri. orpai_.., il:hvti. JOWI'IIII*Il ~_ lUCIa II tbe
EnviaoNDentil Pr'" ApI¥;y (BPA), C\ 1-u, may .. apoIIlI'e JUideliDes in tbiI alii, ad
it is possible ta.t difIiRIt ..... coulcl be UMd by tbe FCC in tbe Nture.

By 1992. the 1982 ANSI standard hid been superseded," and no govemmcmt apacy bad

7 _It ap4 Order. 0eDeIa1 Docket 79-144, SO Fed. Reg. 11151 (1985). 100 F.C.C. 2d 543
(1985),

• F!I!IE N9'im gfr "" !* MaIsjpg General Docket 79-144. 50 Fed. Ret. 10814 (1985).
100 F.C.C. 2d 568 (1985).

, Memorandapp 9rrinie et Order. Oeneml Docket 79-144, 50 Fed. Reg. 38653 (1985).

10 See reference 1.

II See reference 2.
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.... RPiW"f IO ... C .i ....... bHiJ;rlf P' ]t,*Mg. pi" MinI "1D IDd updIte die • ' $n .. i .•• .... for O't t '. tile
eav"lJii'Mdi.

'
...of~(ItFli " ....FCC.. 'ste It &ciIifiee.c fadlltl:fl!iB

ofp!!IPOIId '* It> die eomm... -* "StJJlificdy, we are PftIIlE'Si'l 10 me die DeW
ICaIIdIrd for RP ell'Due teeeIldy IIdopCed by tbI A=.. NtBDI Staa*dI r..tfe* (ANSI) ill
-.ociItioa with tile InItibR of Blectrical aDd Electlwic;", en, IDe, (IEEE), ANSIIIEBB <:95.1­
1992."

[Here add a par&p-apll relating to adoptlo.. of tile prop..al set forth In ET Docket 93-62.)

UDder the FCC. NEPA rules, .vimla I CGKerM IIJCh u expoeure to nyIjetje lie

weilbed aDd "'lanced ill maJciD& a public iDteniIt~ as to the deIinIbiIity of~ •
perticuIar gmat. Ifa facility or operatioIl miIht~ ill .... expoue ill excelS of the ANSIIJEBB
IimiII, tMt &ciIity or openItion could CX'Pita* a "-.;or 1CtioG" u de&Decl ill .. RullI.
EJn'im..."., iIlfOlillilDaD would haw to be pavYidld by die ic-t, aDd All ......'...1-a,.iI
would be NqUind (III PIll 1, Subpart I. of till RullI for a di+ ofwblt iafbnnetiae iI .......
to be InbmjHed ill IUCb a ciPrun-.n,). How..... Wi ClIil be If" r ted to redace or
~limUwte tile poRiIMJity for aceaive expoIUIe. If. ,,"miIM ,. I impId ..... were-= i,
tile 1992 ANSIIIEI!!! .. j' Ii.. would be DIed ill detenaiDiDc wbether tile cmiroDaIlcIDI impIct or
risks outweigh the boDefils of the proposa1.

It sboaId be "huized tb8t the ..-oc- of CQIIIpIiIiIce wida the FCCa .vil\] • ' ruIII
is~ throuIb a procea of self-certiflcltioa, aDd it is up to die Ipplic:la to IIIIb ... iDiIiIl
determiDatio.. as to wbldler a given ticility or~ woulcl be of poteUial ClilIfil -I
sigDificaDce. If the ...... determiMI tIIIt the kilily or opaltiua woWd II! lave • ,.ifi _

effect on the eaMroameat. as defined ill the RuItB, tt. alimpJe jnctjc:Itjoo of tbiI coaclulioa, eidIer
at the appropriate p1lce Oil an FCC form or by a wriIta ltatemeat submitted with the application, is
all that would be DIC~ 'Y. Once the determiDation 11M beeIllMde tbIt a facility or operation would
not have a sign.ificant environmental effect, DO further envUonIDnpl analysis is required.

The ANSIlIEEE Protection Ouidps for Expoue to Rf'rim

On~ 26. 1991, the IEEE StaDdladi Ibrd approved "IEBB St.IiMIIrd for Safety
Levels with RIIpect to HUiIIil Exposure to RadioF~ ElecUonwpdic Fields, 3 kHz to 300
GHz", IEEE C9S,I-l99l. On November 18, 1992, the SlIDe stIDdard wu adopted by ANSI widl the
designation ANSIIIEEE C9S.1-1992. Themail..... perm.islible exposlRI (MPH) ad __..._
permissible -..... ... COIIbICt ndiohquency CUiftIIII recommended by ANSIIlEEE an the
guidelines that the FCC DOW bas identified for use ill evahwring eDViroameDtal sipificreon widl
mpect to human expoeure to RF radiation. Relevant sections of the ANSVIBEE ,,"II lie

reprinted in Appendix A. The following discussion swnmarizes the major features of the JUideliDes.

12 "Guidelines for Evaluating the Environmental Effects of Radiofrequency Radiation", Notice of
Proposed Rule Making. ET Docket 93-62, 58 Fed Reg. 19393 (1993).

5
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The ANSIIIEEE guidcliDcs incorporate fn:queDcy-dependent RF protection guides cowring
the electromagnetic fn:queDcy range from 3 kHz to 300 OHz. The guidelines are bued on data
showing that the human body absorbs RF energy at some frequencies more readily than at other
frequencies. The most restrictive limits are recommended in the frequency range of 30-300 MHz
where human absorption occurs at the highest rate. The least restrictive limits are recommended in
the fn:queDcy range of 3 kHz to 3 MHz where human absorption is at the lowest nate. Except near
the lower and upper timiD of the frequency range, MPE for uncontrolled environments are lower than
for controlled environments. With respect to the two-tier standard, the following is smted in the
"Rationale" section of ANSIlIEEE C9S.1-1992:

"To some, it would appear attractive and logical to apply a larger, or different,
safety factor to arrive at a guide for the general public. Supportive arguments chUm
subgroups of gmlter sensitivity (infiuds, the aged, the ill and disabled). potentially
greater exposure durations (24-hr/day. vs. 8-hrJday), adverse environmental conditions
(excessive heat and/or humidity). voluntary vs. involuntary exposure, and
psychological/emotional factors that can range from anxiety to ignorance. Non­
thermal effects, such as efflux of calcium ions from brain tissues, are also mentioned
as potential health hazards. The members of Subcommittee IV believe the
recommended exposure levels should be safe for all, and submit as support for this
conclusion the observation that no reliable scientific data exist indicating that:

(I) Certain subgroups of the population are more at risk than others,
(2) Exposure duration at ANSI C9S.1-1982 levels is a significant risk,
(3) Damage from exposure to electromagnetic fields is cumulative, or
(4) Nontbermal (other than shock) or modulation-specific sequelae of exposure may

be meaningful1y related to human health.

"No verified reports exist of injury to human beings or of adverse effects on the
health of human beings who have been exposed to electromagnetic fields within the
limits of frequeDCy and SAR specified by previous ANSI standards. including ANSI
C9S.1-1982. In the promulgation of revised guidelines, the responsibility of the
cum:nt Subcommittee IV is adherence to the scientific base of data in the
determination of exposure levels that will be safe not only for personnel in the
working environment, but also for the public at large. The important distinction·is
not the population type. but the nature of the exposure environment. When exposure
is in a controlled environment, the scientifically-derived exposure limits apply. When
exposure is in an uncontrolled environment, however, an extra safety factor is applied
under certain conditions; these include, but are not limited to, the following:

(1) Exposure in the resonant frequency range, and
(2) Low-frequeDcy exposure to electric fields where exposure is penetrating or

complicated by associated hazards like Rf shocks or bums induced by metal
contacts.

As dermed earlier, uncontrolled environments tnelude the domicile and most places
where the infll'lIl, the aged, and children are likely to be. It also includes the work
environment where employees are not specifically l11volved in the operation or use of
equipment that does or may radiate sigrufteanl electromagnetic energy and where there



are DO expetleliMs that the exposure levels may exceed those shown in Table 2
[wa:outtollcd environments]. On the other hand, comrolled environments may involw
expMlI'e of the gcncml public as well as occupatioaal pcrsonnc~ e.g., in passing
through areas such as an observation platform near a transmitting tower where
analyses show the exposure may be above that shown in Table 2 but is below that in
Table 1 [controlled environments]. Other exposure CODditions include that of the
radio amat"Jr' who voluntarily and knowledgeably opmtes in a comrolled RF
environment."

To guard against the likelihood of excessive specific absorption rates (SAR) in tissues of the
body, and particularly in the ankles, the 1992 ANSI/IEEE standard specifies maximum jndmed
curmus at frequencieS of 100 MHz and below. Similarly, to avoid shock and/or bums, limits on
contact currents are specified for the same frequency range. Induced current in a human is a function
of electric field strength, body dimensions, grounding and footwear. Based on reference (3), it can
be shown that, for controlled environments, compliance with the current standard is not likely if the
spatially-averaged electric field strength does not exceed the MPE at frequencies of 0.45 MHz or less,
does not exceed 45/f percent at frequencies from 0.45 to 3.00 MHz, and does not exceed 15 percent
at frequencies in excess of 3.00 MHz. For UDCODtrolled environments, compliaDce with the current
standard is not likely if the spatially-avemged electric field strength does not exceed the MPE at
frequencies of 0.20 MHz or less, does not exceed 201f percent of the MPE from 0.20 to 1.34 MHz,
and does not exceed 15 percent of the MPE at frequencies above 1.34 MHz. (Sec also Section 0.)

Contact currents depend strongly on the dimensions of the metallic object CODtactcd as well
as the frequency and streDgth of the ambient field A long. vertical, metallic conductor immersed in
even a moderate AM electric field can be a potential source of shocks and burns. Limited
experimental data (see reference 4) indicates that objects of moderate size, such as a metal filing
cabinet or car, will not produce contact currents in excess of the limits specified in the standard if the
electric field is within the limits noted in the previous paragraph for avoiding excessive induced
currents.

Maximum permitted exposure values in the standard are in terms of avemges over an area
equivalent to the vertical cross-section of the human body. (As will be shown in the measurements
section, this may be approximated by taking measurements in a vertical line.) Exposure is further
avemged over a time period with dependence on frequency. Frequency dependency pcnnits the
transition from exposure measured in minutes in the resonance range to seconds at frequencies
approaching infra-red, reflecting the frequency-dependent change in the thermal time constant of the
body. By limiting the averaging time at the higher frequencies, protection is provided to the
decreasingly thin layers of skin and subcutaneous tissue penetrated as the frequency increases.

The standard excludes consideration oflow-power devices except where the radiating structure
is maintained within 2.S em (one inch) of the body. For body-wom devices, analyses must be made
on the basis of avoiding the imposition of SARs in excess of the limits set by the standard. Low­
power is dermed for coDttolled environments as 7 watts or less at frequencies between 100 kHz and
450 MHz, and 7(4SOIf) watts at frequencies between 450 and 1500 MHz. For uncontrolled
environments, the limits are 1.4 watts at frequencies from 100 kHz to 450 MHz and 1.4(450/f) watts
for frequencies from 450 to 1500 MHz.

Since the ANSIIIEEE protection guides constitute exposure guidelines, they apply only to



locatioDS that are accessible to workers and the public. Such access can be restricted or controlled
by the use of fences, wamiDg signs, and other appropriate measures. In the case of exposures in
controlled cnvironmeDlS, procedures can be instituted for working in the vicinity of RF sources that
will prevent excessive~ of personnel Examples of such procedures would be restricting the
time an individual could be near an RF transmitter or requiring that work on such mlDsmittcrs be
performed only while the transmitter is turned off or while power is appropriately~ The usc
of auxiliary ttanqnittcrs could prevent excessive exposure of personnel at the maiD ttansmitter site
during maintenance activities. Section IV of this bulletin should be consulted for further information
on controlling exposure.

Because ofthc exclusion clauses (Sections 4.2.1.1 and 4.2.2.1) of tile ANSIlIEEE guidelines,
use of a radiofrequenCy device between 100 kHz and I.S GHz with an input power DO greater than
the limits specified would not, by definition, violate the guidelines. Therefore, the granting of a
license or permit by the FCC for the operation of such a device would not be a "major action" and
would be excluded automatically for consideration under the FCCs environmental processing
procedures. This exclusion would apply as long as the FCC uses the ANSlIIEEE protection guides
as its processing guidelines, or unless the Commission decided on its own motion to prepare an
environmental impact statement in some particular case.

The ANSI/IEEE protection guides are defined in terms ofpower density, electric field strength
and magndic field strength. In the far-field of an antenna, where the electric field vector (E), the
magnetic field vector (H), and the direction of propagation can be considered to be all mutually
orthogonal, these quantities are related by the equation:

S = EZ13770 = 37.7 W

where: S = power density in milliwatts per square centimeter (mW/cmZ
)

E =electric field strength in volts/meter (VIm)
H = magnetic field strength in amperes/meter (Alm)

In the near-field of a transmitting antenna, the term "far-field equivalent" or "plane-wave
equivalent" power density is used often to indicate a quantity calcuJated by using the near-field values
of EZ or HZ as if they were obtained in the far-field However, ANSIlIEEE specifies that for near-field
exposures, the only applicable protection guides are the electric and magnetic field. strengths,
respectively. Therefore, the values of plane-wave equivalent power density are given only for
reference purposes in those cases. At frequencies in excess of 300 MHz, virtually all exposures are
in the far-field; hence, ANSIlIEEE specifies only power density above 300 MHz. Power density is
usually expressed in units of milliwatts per square centimeter (mWIcmZ

) or microwatts per square
centimeter (J.lW/cmZ

).

The ANSIlIEEE guidelines apply to exposure regardless of the RF SOUlCe. Therefore, in
mixed or broadband fields, where a number of different frequencies are involved, the contributions
of all RF sources must be considered. However, wbcre multiple transmitters are involved, sources that
contribute no more than one percent of the applicable maximum permissible exposure may be
excluded as being inconsequential When different limits are recommended for different frequencies,
the fraction of the limit incurred within each frequency interval should be determined, and the Sl!!!
of all such fractions (greater than 1/100) should not exceed 1.0.



Section n: PREDlcrION METHODS

Introduction

The material in this section is designM to provide assistance in determining whether a giwn
facility would be in compliaDce with guidelines for human exposure to RF radiation. The cabJlatjon
methods discussed below may be helpful in cwluating a particular exposure situation. How~,

applicants for broadcast saatiODS sbould first consult the relevant subsection below, dealing with FM
radio, television, or AM radio stations. Many broadcast applicants will be able to determine that a
given fiJcility would be in compliaDce, with regard to exposure in either controlled or uncontrolled
environments, simply by consulting the tables and figures discussed in these subsc:ctions. With regard
to particular occupational exposures in either controlled or uncontrolled environments, Section IV of
this bulletin should be consulted.

Applicants for facilities ntilizing aperture antennas should first consult the subsection below
which deals with those types of antennas. For a discussion of the ANSIlIEEE guidelines and such
concepts as power density, refer to Section I of this bulletin.

Calculations

Calculations can be made to predict radiation levels around typical RF sources. For example,
for the case ofan isolated anteDDa, a "worst~" prediction for power density, electric aDd magnetic
fields in the far-field of the antenna can be made by use of the following equations (for typical units
see examples below):

or.
S =PG/47tR2

S = EIRP/41tR2

E = [(3770XS)]14

H = (8137.7)14

(1)
(2)

(3)

(4)

where: S =power density in milliwatts per square centimeter (mWIcmIl

P =power input to the antenna m milliwatts (mW)
G =gain of the antenna relative to an isotropic radiator
R =distance to the center of radiation in centimeters (em)
EIRP = equivalent (or effective) isotropic radiated power in mW
E =electric field strength in volts per meter (VIm)
H = magnetic field strength in amperes per meter (AIm)

For a truly worst~e approximation, 100% ground reflection should be assumed, resulting
in a potential doubling of predicted field strength (either electric or magnetic) and a four-fold increase
in (far-field equivalent) power density. The equations for power density, electric and magnetic field
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strength then become:

8 = PGhrR2 = EIRPhrR2 (5)

E =2[(3770)(8)]112 (6)

H =2(8/37.7)112 (7)

HowCYCr, in the case ofFM and TV broadcast antennas, the Environmental Protection Ageocy
recommends a more realistic approximation for ground reflection (see Reference 5) by 1S"llming a
maximum l.6-fold increase in fields strength or an increase in power density 0£2.56 (l.l?). Equations
(2), (3) and (4) then become:

S = (2.56)EIRP/41tR2 = (0.64)EIRP/1tR2 (8)

E =1.6[(3770)(8)ra

H =1.6(S/37.7)1I2

(9)

(10)

Although generally applicable in the far-field ofa traDsmitting antenna, equations (5) aDd (8)
may be used also to estimate a "worst-case" upper limit for "far-field equivalent" power dcDsitiesu

in the ncar-field of the antenna.

Ifthe values calculated by usc of equations (5), (6) and (7), or (8), (9), and (10) do not exceed
the recommended exposure leve~ for the appropriate environmental classification, in accessible areas,
then the facility in question nonnaUy would be in compliance with the RF protection guidelines. If
the calculated value exceeds the recommended exposure level in accessible areas, a more extensive
and detailed analysis would be required. The tables and figures provided in the Appendices of this
bulletin are designed to facilitate such an analysis for broadcast facilities.

An example of the use of the above equations follows. An FM broadcast station is
transmitting with a nominal effective radiated power (ERP) of 100 kilowatts (horizontal polarization)
and is using a circularly polarized antenna. The height to the center of radiation is 100 meteIs (328
feet) above groWld. Using formulas (8), (9) and (10) above, what would be the calculated worst-case
power density, electric field and magnetic field at groWld level 20 meters from the base of the
broadcast tower?

From simple trigonomeay it can be shown that R would be about 102 meteIs (10Ql + 20Z)1I2
or 10,200 centimeters. Since FCC ERPs are referenced to a half-wave dipole, it is ncc"''Y to
multiply the total ERP by 1.64 (the gain of a half-wave dipole relative to an isotropic radiator) in
order to obtain EIRP. Also, in this case, since the antenna is "circularly polarized", the total power
used in the calculation must include power both in the horizontal and in the vertical polarizations (sec
discussion in following subsection). Therefore, assuming 100 kilowatts in the vertical polarization,
the calculations become:

U See discussion of "far-field equivalent" power densIty in Section I.

to



S = (0.64)(1.64)(200.000 watts)(lOOO milliwatts per watt)
1t(10,200 cm)2

=about 0.64 mW/cm2

E = 1.6[(3770)(O.64)]1I.l = 79 VIm

H =1.6(0.64137.7)102 =0.21 Aim

Although the above equations may be used for estimating worst-ase upper limits, it is often
desirable to obtain more reasonable and accurate estimates. The following sections of this bulletin
provide guidelines and assistance for analyzing specific types of RF transmitting facilities.

FM Broadcast Stations

The Environmental Protection Agency (EPA) has developed a computer model for estimating
power densities in the vicinity of typical FM broadcast stations. In arriving at its predictions the EPA
considers the following variables of the station: (1) effective radiated power. (2) height above grouud
of the center of radiation. (3) polarization of the transmitted signal, (4) type of antenm • and (5)
number of elements (bays) in the antenna array. The EPA model is discussed in detail in an EPA
publication by P. Gailey and R. Tell (Reference 5).

FM broadcast antennas normally consist of arrays up to 16 elements (or bays) stacked
vertically. and typically side-mounted. on a tower. The elements are usua.l1y spaced about one
wavelength apart and are fed approximately in phase with power distributed equally among the
elements. The relative field strength patterns used in the EPA model are the product of the element
and array patterns,

The model has been used to calculate expected field strengths on the ground near FM
broadcast towers using the element and array patterns. Ground reflection has been taken into account
in these calculations. A number of assumptions were made in the development of the ~A model,
and there can be no guarantee of its accuracy. However, measurements made by EPA around specific
broadcast installations have shown good agreement with values predicted by the model, indicating that
the model offers a reasonable approach for predicting the upper bounds of field strength near these
towers. The FM stations studied represented a variety of antenna types, powers. and tenains. In all
cases, the highest values predicted by the model were not exceeded by the measurements.

The model predicts fields (expressed in wlits of "plane-wave equivalent" or "far-field
equivalent" power density) at ground level near typIcal broadcast towers using various antenna types
and specific values for ERP. tower height, and number of elements (bays). Conversely. the model can
be used to predict the minimum tower heights necessary to prevent fields from exceeding an
established level, such as the limits recommended by ANSIlIEEE for the FM frequency band The
predictions apply to fields from 0 to 2 meters above the ground

Total ERP is used by the model in its calculatiOns. This means that the total ERP would be



the un of the borizoDlal ERP and the vertical ERP. For example. a loo-kW PM station using a
circuJarly polarized antenna would be assumed to haw a total ERP of 200 kW (100 + 1(0) unless
otherwise specified. Alternatively. a station may haw different values of ERP for the horizontal and
vertical polarizations, e,g•• 100 kW horizontal, and 75 kW, vertical, would mean a total ERP of 175
kW. It should be emphasized that total ERP must be used when consulting the tables and figures in
Appendix B. discussed below.

Appendix B coatains tables derived from the EPA computer model Table 1 in Appendix B
gives estimates of antenDa heights nee: ry to prevent ground-Ievel power deDSity from exceeding
the ANSIllEEE FM band recommended limit of 1.0 mW/crrl' for coDtrolled environments and 0.2
mW/cm2 for uncoDtrolled environments. This table should be consulted as the first step in an
evaluation of a given FM &cility to determine whether it would comply with the ANSIlIEEE
guidelines. Note that the table gives predicted minimum antenna heights for a nmnber of
combinations of total ERP and number ofbays. For each entry in the table two values are given. The
top (higher) number represents the "worst" case, in which the calculations were based on the use of
dipole elements in the array. The bottom (lower) number represents the "best" case achievable,
according to EPA's analysis. using available antennas (with one wawlength element spacing) designed
to minimize downward radiation.

Values for worst-case antennas (dipole elements) are indepcndcat of the number of~ due
to the fact that vertical radiation patterns from horizontal dipole elements are cUcuJar. and the location
ofthe peak field will always be at the tower base directly below the anttmna For antennas with other
types of elements this is not necessarily true. and peak fields may be at locations other than directly
below the antenna.

The values on Table I apply to single PM antennas and to towers whose bases are at about
the same level or higher than the SWfOWlding terrain. However, for multiple antennas on the same
tower. a worst-case eai!1'l8te could be made using this table by assllming that the total ERP from all
antennas was concentrated at the center of radiation of the antenna that is the lowest on the tower.
For such an imaginary transmitting source, the number of bays could be considered to be that of the
antenna with the smallest number of bays. Where the sum of the ERPs exceeds 200 kW, the
maximwn ERP included in the table. the munber in the table may be increased by a factor equal to
the square root of the power ratio. For example, assume three antennas of good current design, each
radiating 100 kW, ciIcularly polarized, and the least number of bays of any of the antennas is four.
For a controlled environment, the minimum height for 200 kW, four bays, is 23.90 meters. Then for
the example used, the minimum height becomes: (23.9O)(6oofloo)l12 = (23.90)(1.732) =41.40 meters.

In some cases, particuJarIy when an antenna has a relatively large number of bays, the lowest
element may be a significant distance below the center of radiation. Therefore, in these situations a
cODServatiw estimate for minimum antenna height could be made by coDSidering the values in Table
I to correspond to the distance from the lowest element to grom1d.

For combinations of ERPlbays intennediate to those listed in Table 1, interpolation can be
used between entries in the table, assuming a direct relation between antenna height and power and
an inverse relation between antenna height and number of bays. Alternatively. the next highest value
could be used for ERP and the next lowest value could be used for number of bays. For example,
a station having a total ERP of 20 kWand 5 bays could use the values given in the table for 25 kW
and 4 bays (28.90 meters, worst case for the controlled environment, or 8.40 meters, best case for the
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controlled environment), since these values would be conservative. Interpolation would yield more
realistic values of2S.37 meters for worst case (controlled environment), regardless ofnumber ofbays,
and, for best case, 6.93 meters (controlled environment).

For a given FM facility, Table 1 may be used to demonstrate that a station is already in
compliance with the ANSI/IEEE guidelines. However, if the values listed in Table 1 UvJiratc that the
aDtcDDa's center of radiation is less than the minimum tower height neccssalY for compliaDcc, then
Figures 1-8 in Appendix B should be consulted. These figures were generated by the EPA's
computcr-based model for FM broadcast towers. They contain curves of mr-field equivalent power
density versus distance from the tower base on the ground for various combinations of total ERP,
tower height, and number of bays. By consulting the appropriate figure, the extent of a given
exposure level on the ground can be predicted. Thereby determining where access should be restricted
(see Section IV on controlling exposure to RF fields). At FM broadcast frequencies below 100 MHz.
electric field maximum pennissible exposure (MPE) is more restrictive than magnetic field MPE in
terms of far-field equivalent power density. Therefore, using as the criterion 1 mW/cur (1000
f.1W/cml

) for controlled environments and 0.2 mW/cml (200 f.1W/cm~ for uncontrolled environments
assures compliance with both electric and magnetic field MPE. It should be emphasized that Figw'es
1-8 show "worst-case" curves asmuning dipole clements, and di.mlDces indicated in these figures
should be conscrwtivc. Different curves would be obtained if other clement types were assumed.
Furthermore, if the relative field fiIctor for the full range of vertical plane angles is known for the
antenna to be used, a more realistic determination of exposure can be made by the method described
Iatcr in this section.

The following example will iI1ustrate appropriate use of Figures 1-8. In this example it is
desired to define the area around the base of an FM broadcast tower where power densities would be
predicted to be in excess of the ANSIlIEEE guidelines. This hypothetical station transmits using a
4-bay antenna and has a total ERP of 200 leW (H+V). The height to the center of radiation is
approximately 62 meters which can be rounded to 60 meters for pwposes of using the appropriate
figure in Appendix B. Figure 6 in Appendix B shows prediction curves for an antenna height (ground
to center of radiation) of 60 meters. The equivalent power density is given in terms of power density
per kilowatt total ERP. From this figure it can be determined that, for a 4-bay, 200 leW station with
a height to the radiation center of 60 meters, the model predicts that the ANSIlIEEE limit in the FM
band of I mW/cmz in a controlled environment, equivalent to 1000 JjW/cm2

, would extend 28 meters
from the base of the tower in the worst case. Therefore, a fence or other appropriate restrictive barrier
could be placed at this distance to prevent access to the area where levels in excess of the ANSIlIEEE
limit could be present

This distance was obtained by the following procedure:

(1) Divide 1000 f.1W/cmz by the total ERP of 200 kW to obtain 5 f.1W/cmz/kW
(power density per kW total ERP).

(2) Find 5 f.1W/cm2/kW on the vertical axis of Figure 6.

(3) Find the point on the 4-bay curve corresponding to 5 f.1W/cmz/kW and locate the
predicted distance (about 28 m) given on the horizontal axis.

These figures can be used to predict exposure to the pennissible uncontrolled enviromnent



level (200 JJ.W/crti). or any other desired level. by dividing that desired level by the total ERP in step
(1) above. For example. if the desired level is 200 JJ.W/cnr, the vertical axis figure is 1 JJ.W/crrt from
step (1), and the predicted distance for the 4-bay antenna, 60 meters above ground level is
approximatcly 41 meters.

For cases in which an FM tower is mounted on a building, or when the location of CODCCm

is not on the ground, e.g., exposure in a nearby building or other structure, Table I should DOt be
used. In these cases the field streDgth levels in the main beam ofan antenna arc more relevant to an
environmemal analysis. Figures 9a and 9b in Appendix B give minimum distances in the main beam
from single FM antennas required for compliance with the ANSIIIEEE recommended limits for
controlled and UDCOntrolled environments. Only one set of values is given in each figure since, for
main-bcam exposure, the type of antenna clement does not alter the results. Figure 9b should be used
in situations where an PM antenna might be responsible for irradiating a nemby building or other
occupied st::ructure of comparable height Rcference 6 contains data on actual measurements, made
by EPA, of RF field strength in buildings near broadcast antennas.

If the heigbt of the irradiated building or strocture is less than the ceuter of radiation, the
main-bcam distances given in Figure 9b would likely be overly predictive. ~e., greater than necessary
for compliance. In such case, a relative field factor, based on the antenna's vertical plane radiation
pattern, couJd be taken into account" to give a more real.istic estimate. This could be accomplished by
multiplying the antenna's total ERP by the square of the relative fic1d factor for the depression angle
of iDterest. The resulting value could then be applied to the horizontal axis of Figure 9b in order to
determine the minimum line of _ distance from the antenna center of radiation required for
compliance.

Television Broadcast Stations

Antcnnas ~ed for television broadcasting are similar to PM antennas in that they usually
consist of an array of radiating elements mounted on a tower. However, the elements ~ed for lV
antcnnas are gcnerally of a more comPlex design and radiate less cnergy toward the ground than PM
systems. Also, television broadcast antennas are typically mounted on higher towers than PM
antennas, which further reduces ground-level radiation.

The EPA's computer model has not been applied to television broadcast antennas due to the
unavailability ofcomplete vertical radiation patterns for television antennas. However, EPA developed
an alternative approach for the analysis of tclevision antenna systems based on available information.
Results of the alternative EPA approach bad been based on the 1982 ANSI standard, and are equally
applicable to the controlled environment guidelines of the ANSIIIEEE 1992 standard. By applying
appropriate multiplying factors, the data have been extended to the uncontrolled environment
guidelines.

For VHF-TV antennas, EPA found that the most commonly used type of radiating element
to be the "batwing." Therefore, for convenience, the assumption was made that aU VHF-lV elements
are of the batwing design. Data obtained by EPA l11dicated that batwing elements may radiate
approximately 20010 as much in the downward direction as in the main beam in terms of relative field
strength, i.e., the relative field factor in the downward direction is approximately 0.20. Although,
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since the EPA made its study, other antenM types have been favored for DeW, or modified VHF-lV
stations, particularly in the high band of Channels 7 through 13, the EPA work rcmaiDs valid with
some tendency to over estimate downward radiation.

Although detailed modeling was not possible, EPA used typical values of relative field
strength directly beneath the amenna, Le., the shortest distaru to ground, to arrive at a prediction
method for grouDd-Ievel field strength due to VHF-lV aDtCDDa systems. For dircctioas other than
straight down, greater dista~ from the antenna would be involved, resulting in lower predicted field
strengths at ground level The following equation was used by EPA to predict fields at the base of
TV broadcast towers:

s =(2.56)(1.64)(l00)<fJ[(0.4)<vERP) + AERPl
4ttIi

Where:

(11)

S =highest power density in microwatts/sq. cm. (p.W/cm2
) predicted at ground

level
VERP =total peak visual ERP in watts
AERP =aural ERP in watts
F =typical relative field factor in the downward direction (-60 to -90 degrees

elevation
D =dimoc-e from ground to center of radiation in meters.

In the above equation, 1.64 is the gain ofa half-wave dipole relative to an isotropic radiator.
The factor of 2.56 reflects the potential maximum increase in power density due to ground reflection
assuming a field reflection coefficient of 1.6 [( 1.6t = 2.56]. The factor of 0.4 converts peak visual
ERP to an RMS value which is more realistic with regard to practical conditions for video
transmission. The factor of 100 is necessary for conversion to appropriate units of power density.

The values for ERP in the above equation are total ERP. Therefore, although most television
antennas transmit horizootally polarized signals only, ifa circu1arly-polarized, or elliptical1y-po1arized,
antenna is used, the contributions from both horizontal and vertical polarizations must be included.

If the relative field factor, F, is known, equation (11) could be used to make a moIC accurate
prediction. However, if F is not known, a value of 1.0 could be assumed as a worst-case
approximation. As explained above, EPA assumed that a typical level of radiation directly downward
from batwing-type antennas was 200/0 of the level in the main beam. Therefore, in such a case, the
relative field factor, F, directly below the antenna would be 0.2. Antennas of recent mamd'acture are
likely to have a relative field factor, F, less than 0.2 directly downward
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The following variation of equation (11) can be used to predict the minimum antenna height
necessaIy to bring a television stations below a given power density level anywhere on the ground.

(12)

Where: MAR=minimum antenna height (ground to center of radiation) necess;uy to reduce
the ground-level RF fields below a given power density, S, [units same as in equation (11)].

Equations (11) and (12) can be used for both VHF and UHF television antennas. However,
for UHF antennas, EPA used different typical values of F, the relative field factor, in the downward
direction. Although EPA was not able to obtain the required values of F from the mamdiK~mers'

literature, an ahemative prediction method was developed based on field data and discussions with
a major UHF antenna mam.Jfacturer. The manu&cturets engineers stated that typical values of F for
UHF antennas are about 10%, and some antennas have an F of about 5% for downward radiation.
These values agreed well with measurements made by EPA in field studies beneath UHF antennas.

Smaller F values are to be expected from UHF antennas than from VHF antennM UHF
antennas have very high gain in the main beam which means that a high proportion of the tIaDSmitted
energy is concentrated there rather than radiated downward or in other directions.

Compliance with the ANSIlIEEE guidelines is somewhat more complicated in the case of
UHF-TV facilities. Except for magnetic field strengths below 100 MHz, the ANSI/IEEE guidelines
are uniform in the VHF band. As to the lower frequency magnetic field requirements, they are less
restrictive than for electric fields. Therefore, the uniform electric field guidelines are likely to be the
factor determining compliance with exposure specifications. Throughout the entire UHF band, the
guidelines, specified only in terms of power density, are frequency dependent (see Appendix A). For
example, the protection guide recommended for Channel 14 (center frequency = 473 MHz) is 1.58
mW/cm% for controlled environments and 0.32 ,W/cm% for uncontrolled environments, while that
recommended for Channel 69 (center frequency = 803 MHz) is 2.68 mW/cm2 for -controlled
environments and 0.54 mW/crrt for uncontrolled environments.

Equation (11) was used to prepare Tables 1-4 in Appendix C. These tables show minimum
"worst-case" distances from single VHF or UHF television antennas required for compliancc with
ANSIIIEEE C9S.1-1992 exposure guidelines. Table I gives predicted minimum distances from VHF­
TV antennas for various combinations of visual and aural power. Tables 2, 3, and 4 list the
ANSIlIEEE limits for the various UHF-TV channels asswning three different values for aural power:
I()OAI, 15%, or 22% (the maximum allowed under the Fees Rules), respectively. For intermediate
values of visual and/or aural power, an applicant may Ulterpolate betwccn values given in the tables,
or, alternatively, use the value given for the next tughest level of visual and/or aural power. As with
FM stations, total ERP must be used

When F, the relative field factor is known. equation (12) could be used to calculate minimum
antenna height for compliance. However, if F IS not known, then it would be best to use the values
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given in the tables, which assume a value of 1.0 (main beam) for F. Using the tables for estimating
minimum antenna height is especially recommended in cases where the supporting tower is relatively
short and there may be a greater contnbution to ground-level field strength from the lower antenna
elements.

In addition to determining minimum antenna heights, Tables 1-4 may be used to estimate
minimum distances in the main beam of television antennas necessary for compliance with the
ANSIlIEEE limits. As with FM radio stations, such an analysis might be necessary when nearby
occupied structures are in the path of the main beam.

AM Broadcast Stations

Unlike the 1982 ANSI standard, which specified magnetic field exposures equal to electric
field exposures in tenns of far field equivalent power density, the 1992 ANSIlIEEE standard
recognizes an important difference between the two exposures at AM broadcast frequencies. Electric
field exposure must be limited to avoid shock and bum effects. Such considerations do not apply to
magnetic field exposures. Furthermore, energy absorption by the body at 'AM broadcast frequencies
is very low. Accordingly, ANSIlIEEE C95.1-1992 allows magnetic field exposures far in excess of
electric field exposures as related to far field equivalent power density. The consequence is that the
minimum distance from an AM tadiator satisfying the maxDnlJlD. permissible exposure standards of
the 1992 guidelines is governed entirely by the magnitude of the electric field strength.

The ANSIlIEEE guideline for maximum permissible exposure to electric fields is uniform
throughout the entire AM broadcast band for controlled environments. For UDCOntrolled environments,
the maximum pennissible exposure to electric fields is the same as for controlled environments to a
frequency of 1340 kHz, but falls below the controlled environment limits above 1340 kHz (1.34
MHz). For uncontrolled environments, the maximum permissible exposure to electric fields at
frequencies above 1340 kHz, is determined by the ratio 823.8/f, where f is in MHz.

EPA, using the Numerical Electromagnetics Code (NEC) developed for linear antennas by the
Lawrence Livennore National Laboratory, calcuJated the near-field electric and magnetic signal
strengths for a number ofantenna heights. The EPA calculations have fonned the basis for tables and
graphs shown herein. limitations inherent to the NEC for very close-in near-field calculations are
believed to cause overprediction of the distances at which various field levels may be exceeded
However, as described later, both theoretical calculations and actual measmements can provide
guidance on the extent that compliance with the 1992 ANSIlIEEE standard can be achieved for
workers in aetuaI contact with an energized AM broadcast tower.

Bec&lBe of the relatively long wavelengths used for AM broadcasting, excessive human
exposures occur only in the near-field of the antenna. Therefore, the relevant quantities to be
evaluated are the electric and magnetic field strengths. As noted above, the disparity between the
exposure standards for electric and magnetic field strengths results in the electric field strength being,
by far, the more critical of the two parameters.

Table 1 in Appendix D shows worst-case distances from single AM broadcast towers where
various electric field strength levels are predicted to occur. Table IA shows worst-case minimum
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distances required to avoid exeewiing the electric field maximum permitted by ANSVIEEE within the
AM broac:bst baDd for uncontrolled environments. Since the maximum permissible exposures are
identical for controUed and uncontrolled environments over the frequency range from S40 through
1340 kHz, the first line in Table lA is equally applicable to both environmental categories, and the
distances in that line can be seen to be the same as the distances specified for 614 VIm in Table 1.

Tables 1 aDd lA apply to g frequency or electrical height. In some cases, these values may
overestimate the distances assuring not exceeding the indicated field strengths, but in DO case should
they underestimate such distances.

The model computes field strength values in the vicinity of single tower stations. However,
for multiple-tower arrays, a "worst-<:ase" prediction could be made that all transmitted power is
radiated from each tower. Therefore, in such cases, the values in Tables I and lA could be used to
define a zone of restriction around the array, consisting of circles with equal radii, each of which
could be centered around a tower in the array. Alternatively, if the power distribution among the
several towers in an array is known, Tables I and lA may be used with the individual powers to
determine radii applicable to those towers. When the same towers are used in alternative modes, such
as in the case of different patterns day and night, the highest power input to each tower mmt be used.
In an unusnally short-spaced array, field strength from adjacem towers aiay have to be considered,
but in the usual system, where tower spacings are no less than approximately 70 electrical degrees,
the towers can be treated as if they were standing alone.

In addition to Tables 1 and lAo Figures 1-3 of Appendix 0 can be used to predict field
strengths around typical AM broadcast towers. The curves in these figures were generated using the
NEC model applied to these radiators. The figures give worst-<:ase predicted electric and magnetic
field strength values versus distance for towers with electrical heights equal to 0.1, 0.25, and 0.5
wavelengths, respectively. Since the field strength predictions will vary with frequency, only the
"worst-<:ase frequency" curves are shown. These curves may be overly conservative in some cases,
but, regardless of frequency, actual values should be lower than these predictions.

Figures 1-3 give predictions for a station transmitting at 1 kilowatt. For predictions of field
strength at other power levels, the values obtained from Figures 1-3 should be multiplied by the square
root of the power. An example will illustrate.

Suppose a 50-kilowatt station is located adjacent to a publicly accessible area. An estimate
is desired of the field strength levels expected in this area at a distance of50 meters from the station's
tower. Assume a 0.25 wavelength tower. Then, from Figure 2 the predicted electric field strength
(for 1 kilowatt) would be about 5 volts/meter, and the predicted magnetic field strength would be
about O.OIS amperes/meter. Multiplying these numbers by the square root of 50 (7.07) yields
predicted values of approximately 35 Vim and 0.11 Nm, both values well below the ANSIlIEEE
guidelines for the AM band. (As noted later herem, electric field strength of this magnitude will also
satisfy the induced current requirements of the SW1dard.)
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Aperture Antennas

Aperture antennas include those used for such applications as satellite earth stations, poiDl-to-·
point microwave mdio, studio-tmDsmitter links, television remote pickup, and various types of radar.
Geocral1y, these types of antennas have parabolic surfaces and many have circular cross sections.
They are characterized by their high gain JllSIJ1ting in the transmiaion of power in a well-defined,
collimated beam with little angular divergence. Systems using aperture antennas operate at microwave
frequencies, ie., generally above 1 GHz.

Those systemS involved in telecommunications operate with power levels that depend on the
distances over which communicatioDS are to be transmitted and the IlWDbcr of channels required.
Almost all have circular cross sections. The important characteristic, antenna diameter, is determined
generally by the requirements for reception. With regard to some operations, such as earth-satellite
transmitting antennas, the combination of high transmitter power and large antenna diameters produce
regions ofsignificant power density that may extend over relatively large distances in the main beam.
Many "dish" antennas used for earth-satcllite transmiS$ions utilize the Casscgrain design in which
power is fed to the antenna from a primary source located at the center·of the parabolic reflector.
Radiation from this source is then incident on a small hyperbolic subreflcetor located between the
power feed and the focal point of the antenna, and is then reflected back to the main reflector resulting
in the transmiS$ion of a colJimated beam.

Because of the highly directional nature of these and other aperture antennas, the possibility
of significant human exposure to RF radiation is considerably reduced. The power densities existing
at locations where people may be exposed is substantially less than on-axis power densities. Factors
that have to be taken into account in assessing the potential for exposure are main-beam orientation,
antenna height above ground, power delivered to the antenna, antenna size, location relative to where
people live or work, and the operational procedures foUowed at the facility.

Earth-satellite uplink stations have been studied analyticaUy and by measurement to determine
methods to estimate potential environmental exposure levels. An empirical model bas been developed,
based on antenna theory and measurements, to evaluate potential environmental exposure from these
systems (Reference 7).

In general, for parabolic aperture antennas with circular cross sections. the following
infonnation can be used in evaluating a specific system for potential environmental exposure. In the
near-field, or Fresnel region, of the main beam. the power density can be at a maximum before it
begins to decrease with distance. The extent of the near-field can be described by the equation:

R= lY
4.1.

where: R = extent of near-field
o = antenna diameter
.1. =wavelength
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The magnitude of the on-axis (main beam) power density varies according to location in the
near-field However, the maximum value of the near-field on-axis power density is given by the
equation:

s =16TJP
1tD1

(2)

where: S =maximum near-field power density
'1 = aperture efficiency, typically 0.5-0.75
P =power fed to the antenna
0= antenna diameter

Power density in the transition region decreases inversely with distance from the antenna,
while power demity in the far-field (Fraunhofer region) decreases inversely as the~ of the
distance. For purposes of evaluating potential exposure, the distance to the beginning of the far-field
region can be expressed by the equation:

R = O.6D1
A

(3)

where: R = distance to beginning of far-field
D =antenna diameter
A=wavelength

On-axis power densities in the transition region and in the far-field ofan aperture antenna can
be estimated by use of the following equations:

transition region:
s =S(nf)R(nf)

R
(4)

where: S = power demity
S(nf) =maximum power demity for near-field calculated using (2) above
R(nf) =extent of near field calculated using (I) above

R =distance to point of interest

far-field
(5)

where: S =power density (on axis)
P =power fed to the antenna
G =gain of the antenna relative to an isotropic antenna
R = distance to the point of interest

In the far-field region, power is distributed in a series of maxima and minima as a function
of the off-axis angle (defmed by the antenna axis. the center of the antenna and the specific point of
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interest). For CODSlant phase, or 1miform illumiDation, over the aperture the main beam will be the
location of the greatest of these ma:yjma The on-axis power densities calculated from the above
formulas represeut the maximmn exposure levels that the system can produce. Off-axis power
densities will be considerably less. Estimated exposure levels have been calculated for many satellite
communicatioos systems operating at normal powers. A comparison ofmeasured and predicted values
is given in RefereDCC 8.

For off-axis cafodations in the near-field and in the transition region, it can be assumed that,
if the point of interest is at least ODe antenna diameter removed from the center of the main beam, the
power density at that point would be at least a factor of 100 (20 dB) less than the value calculated
for the equivalent distance in the main beam (see Reference 7 for data). For off-axis caJcrdations in
the far-field, the calculated mam.beam power density obtained by usc of equation (5) above can be
multiplied by the appropriate relative power density factor obtained from the antenna gain pattern to
obtain a more realistic estimate.

Compliance with Induced and Contact Current Limits

ANSI/IEEE C95.1-1992, for the first time, imposes limits on induced and contact body
currents in order to assure not cxc«4ing the SAR limits that provide the basis for the designated
MPEs. Ahhougb the 1992 ANSIlIEEE standard contains the following statement: "Evaluation of tile
magnitude of indJred, cumnts will normally require a direct measurement."14, SlJbstantial wolk bas
been done both with lIDatomically-based models and by actual measurements (References 3 and 9
through 14) that thresholds of electric field strength can be established below which the measurement
of induced currents need not be undertaken. The electric field strength values can be derived either
by calculation, as descnDed herein, or by measurements as descnDed in Section III.

Appendix E provides a table and graphs, derived from the references, to be used in
determinations of the likelihood of exceeding the current standards once electric field strengths have
been determined. Magnetic fields contribute very little to induced currents and may be ignored
(Reference 10). Except for measured currents in tower climbers on energized AM towers (Reference
14), the data are for barefooted adults standing erect in a vertically-polarized field. As a result, the
data shown are likely to overstate the current to be expected in practice where individuals could be
expected to be wearing some sort of footgear. Measurement data (Reference 9) show that any type
of shoe will reduce the current substantially. Additionally, although all data used are based on the
total current through both feet well grounded, the limits specified are on the basis of the maximum
pennitted current through one foot Therefore, every location where the electric field strength is found
to be in excess of the limits shown in Appendix E Will not necessarily produce currents in excess of
the standards. Footwear, poor grounding, or the dominance of horizontally-polarized fields will all
serve to mitigate induced current magnitude.

Table 1 and Figure 1 in Appendix E proVIde the relationship of induced current to electric
field strength for an erect adult (Since height IS far more important than mass in affecting the
magnitude of the induced current, children are automatically protected if the criterion is limiting
current in the adult) Table I includes also tabulations of electric field strength assuring compliance

\4 Section 4.1.1(a)(ii).
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with the curreat limits for controlled and UDCOntrolled environments. Figures· 2 through 5 show the
same data in graphic form. Figures 3 aDd 5 are expansions of portions of the graphs in Figures 2 and
4.

A particular problem in AM statiODS is the need to do work on towers with least disruption
to station operation. Tower worlc during nightti'M hours is more hazardous thaD during the daytime,
so, whenever posstble, such work should be accomplished during daylight boum. Reference 13 is an
aoa.Iytical study relating energy absorption rate, in a tower climber, to power iDput for a range of
ftequcDcies and tower heights. Reference 14, containing actual current measurements made on
energized AM towers confirms that the radial electric field strength is the appropriate reference
parameter and that the theoretically derived data of Reference 13 are conservative in that they tend
to overstate the body Current of the climber. Figure 6 in Appendix E reduces the data of Reference
13 to graphic form providing permissible power levels assuring that the exposure of the tower climber
remains within the limits of the standard.

Caution is necessary in any attempt to work on energized AM towers even at reduced power
levels. The voltage across the base insulator would still be great enough to produce a bum if the
worker contacts the tower while standing on the ground. Access to the tower above the base insulator
must be by the use of a dry wooden ladder or other noocondncting device~ Comact with guy wires
must be avoided also. A substantial voltage difference can be found between the tower aDd the top
section of a guy beyond the uppermost insulator which is likely to be close to the tower. The use of
insuJating gloves and shoes will further reduce induced and contact currents in the worker.

Section III: MEASURING THE RF ENVIRONMENT

Reference Material

In some cases the prediction methods descnbed cannot be used, and actual measurements of
the RF field may be necessary to dctcrminc whether there is a potential for human exposures in excess
of the specified guidelines. For example, in a situation such as a de facto antenna farm with multiple
users the models previously discussed would generally not be applicable. Measurements may be
desired also for predictions that are slightly greater or slightly less than the threshold for excessive
exposure, or when fiel~ are likely to be distorted seriously by objects in the field, e.g.. conductive
structures.

Techniques have been described and instrumentation is available for measuring the RF
environment near broadcast and other transmitting sources. Several refereDCeS are available which
provide detailed information on measurement procedures, instrumentation, and potential problems.

"ANSIlIEEE Recommended Practice for the Measurement of Potentially Hazardous
Electromagnetic Fiel~ • RF and Microwave" (Reference IS) specifies techniques and instrumentation
for the measurement of fiel~ both in the near-field and far-field ofelectromagnetic sources. Included
also arc a description of the concepts, techniques and instruments that can be applied to the
measurement of SAR or electric field strength in organisms exposed to electromagnetic fields, and 3

brief treatment of body current measurements below lOa MHz.
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